ABSTRACT: The quick test and evaluation of carrier density and its distribution is an important part in the fabrication of photonic integrated devices. Ammonium tartrate is commonly used as the corrosion fluid when electricity chemistry capacitance voltage analysis (ECV) was used to measure the carrier density of InP-based epitaxial wafer. However, it has the shortcomings of trivial preparation process, volatilization, slow etching rate, which seriously influence the efficiency of the test. Hence, we have adopted a new solution, which is called as ethylenediamine tetraacetic acid disodium (EDTA). We experimentally demonstrated that the EDTA solution has the advantages of convenience, high efficiency and good stability. And, it can significantly reduce the etching time, thus improving the ECV test efficiency and reducing the production cycle and device fabrication cost.
INTRODUCTION
Photonic integration technology is the most promising area of optical fiber communication, and it is the best way to meet future demand for network bandwidth. Compared with traditional discrete OEO (Optical-electronic-Optical) processing, photonic integrated chips reduce costs and complexity, and have the advantages of small power consumption, high performance and high reliability.
In the optical module of photonic integration, the quality of devices determines its ultimate performance. And, there are many parameters, which are used to evaluate the performance of a multilayer structure device, such as lattice matching degree, carrier density, emission wavelength, surface cleanliness, and so on. Among them, carrier density is an important parameter which reflects whether the doping concentration meets the design requirements. The carrier density is usually measured by electricity chemistry capacitance voltage analysis (ECV). When testing the carrier density by ECV equipment, corrosion fluid is used to etch the chip layer by layer such that the doping density and its spatial distribution are obtained. Ammonium tartrate, a traditional corrosion liquid, can accurately measure carrier density. But, it has some shortcom-ings, such as trivial preparation process, volatilization, slow etching rate. These shortcomings seriously influence the efficiency of the test.
In this paper, we have adopted a new solution, ethylenediamine tetraacetic acid disodium (EDTA). In order to highlight the advantages of the new solution, we have made comparisons in terms of preparation process, stability, and etching rate. From the final comparison results, we believe that the advantages of EDTA are obvious, such as convenience, high efficiency and good stability. In addition, the EDTA solution can clearly improve the efficiency of the measure and reduce the test time, thus reduce the cost of device.
SAMPLE FABRICATION AND EXPERIMENTAL PROCEDURE
To compare the etching rate of the new solution and the old solution, we grew two typical samples on InP substrates by using meta-organic chemical vapor deposition (MOCVD). The schematic of sample A is shown in Figure. 1(a), it contains InP intrinsic buffer layer and p type InGaAs. The designed doping density of the p type InGaAs is 1×1019cm-3. The schematic of sample B is shown in Figure. 1(b), it includes InP intrinsic buffer layer, p-type InP layer 1, ptype InP layer 2, p-type InGaAs, and p-type InP layer 3. The designed doping densities of the last four epitaxial layers is 4×1017 cm-3, 1×1018 cm-3, 1×1019 cm-3, 1×1018 cm-3, respectively. Sample B has multiple epitaxial layers, the overall thickness is almost 2 μm. The preparation process of traditional ammonium tartrate solution is as follows: 55g ammonium tartrate is dissolved in 90 ml of deionized water, after filtering, 33% ammonia solution is added to form 500ml solution. In the process of preparation, in order to acquire more pure solution, the solution need to be filtered. But, the filtering process takes a lot of time and it causes more am-monia to evaporate during the preparation process, which is harmful to the environment and experimenter.
In contrast, the new solution is much easier to prepare, besides, it is very stable and also easily mixed. It has three ingredients, sodium hydroxide, ethylenediamine tetraacetic acid disodium salt (EDTA), and ethylene diamine (ED). The preparation process is as follows: prepare 500 ml 0.2mol/L sodium hydroxide. Add 18.6 g of ethylenediamine tetraacetic acid disodium salt (EDTA). In the end, add 50ml ehylene diamine. Because ethylenediamine tetraacetic acid disodium salt and sodium hydroxide are soluble in water, the preparation of solution is much quicker, simpler and more convenient than that of the traditional ammonium tartrate solution .
From the preparation process mentioned above, we can see that the traditional ammonium tartrate solution needs ammonia. And, the ammonia is not stable because it is very volatile and thus its valid time is limited. The longer the time is, the more ammonia will be evaporated. Another question is caused by the volatility of the solution. If the ECV equipment is not used for a long time, the crystallized ammonia will go into the pipeline and get deposited on them. On the one hand, the ECV equipment can be damaged due to the crystallization. On the other hand, the crystallized ammonia also changes the PH value of the solution, making the measured results inaccurate.
In contrast, sodium hydroxide and ethylene diamine in the new corrosion solution have large PH values, so they can enable the solution to keep a stable PH value. The EDTA is just a PH buffer, which makes this solution very robust and stable. Thus, the new solution is stable and easy to be stored.
RESULTS AND DISCUSSION
The carrier distribution curves of sample A measured by ammonium tartrate and EDTA corrosion solutions are shown in Figure. 2(a) and (b), respectively. From Figure. 2(a) and (b), we can see that the distribution curves obtained by the two solutions are consistent. And both of the two solutions can reflect the carrier distribution characteristics of the ohmic contact layer.
As we know, etching rate is particularly important for the thicker epitaxial wafer. The etching thickness and consuming time for the ammonium tartrate solution are 0.43 μm and 71 minutes, respectively. By contrast, the etching thickness and consuming time for the EDTA solution are 0.498 μm and 43 minutes, respectively. Obviously, the etching rate of new solution is faster. This is because EDTA has a bigger current alert value, so it can etch quickly without any interruption when the current is high. On the contrary, the current alert value of ammonium tartrate is much lower. When dealing with multi-layer complex structures, the testing program will be suspended because of the current alarm. For example, sample B is a multilayer structure, containing p-type InP and p-type InGaAs. The program will be terminated due to the large current when etching the interface of ptype InP layer 3 and p-type InGaAs. So, the measurement is divided into two steps when using ammonium tartrate.
Step 1 is to test p-type InP layer 3.
Step 2 is to take out the chip from ECV, then test start again after removing p-type InP layer 3. The measured result of step 1 is shown in Figure. 3(a). As the above analysis, the reason for this phenomenon is that the current exceeds the alert value when p-type InGaAs is being etched. In contrast, the new solution can continuously test without interruption. The carrier distribution curve of sample B measured by EDTA corrosion fluid is shown in Figure. 4. It can be seen that the result is consistent with the former which is used by ammonium tartrate corrosion liquid.
Also, the testing process is continuous without interruption. More importanly, the test time of the latter is only140 minutes, which is about five hours less than that using ammonium tartrate solution.
Comparing the two solutions, it is found that the efficiency of EDTA is much better. The causes of this difference is as follows: First, the PH value of ammonium tartrate solution is set by ammonia. So, ammonium tartrate is unstable due to that ammonia is volatile. And, the measurement will be interrupted because of the current exceeds the alert value when ammonium tartrate solution is used. Differently, EDTA is just a PH buffer, which somehow makes this solution very stable. Also, the etching rate of EDTA solution is higher.
CONCLUSION
To conclude, we have demonstrated that the advantages of new corrosion liquid (EDTA) are more prominent in terms of solution preparation process, stability and the etching rate. It can obviously improve the test efficiency of ECV and reduce the testing time when we are measuring the carrier density in InP-based materials. So, it can reduce the production cycle and cost of devices.
